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New Epigenetic Mark, and a Decoy Receptor
Each month, Chemistry & Biology Select highlights a selection of research reports from the recent
literature. These highlights are a snapshot of interesting research done across the field of chemical
biology. Thismonth’s Select highlights an on-chip platform for high-throughput forcemicroscopy, a
structural view of organohalide respiration, evidence that 5-hydroxymethylcytosine is an epigenetic
mark, and use of a decoy receptor to thwart oncogene signaling.DNA spot
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(Left) The microfluidic on-chip platform uses
integrated valves separating two chambers: a gene
expression chamber, for cell-free protein expression,
and a protein chamber that hosts the resulting
proteins. (Right) Each well contains a different protein
linked to the chip surface and carrying a Doc tag (light
blue) for binding by cohesin attached to the cantilever
(orange). Image courtesy of Michael Nash.On-Chip Force Spectroscopy
Single-molecule force spectroscopy (SMFS) is an umbrella term used to
describe techniques that measure the response of molecules subjected
to a mechanical force at a single molecule level. When applied to pro-
teins, SMFS can yield insights into properties such as mechanical stabil-
ity, binding affinity, and dynamics of folding and unfolding. An interesting
potential application of SMFS is to screen libraries of protein variants for
those with, for example, improved mechanical properties. Unfortunately,
the low-throughput nature of the existing SMFS setups limits the number
of variants that can be screened in a reasonable time frame and has
made the use of SMFS for these types of studies impractical.
Otten, Ott, and colleagues provide an interesting solution to this prob-
lem. They have developed a microfluidic on-chip platform that uses 640
wells in combination with a single cantilever to perform parallel analysis
of individual mechanic properties of a large protein library. The system
uses cell-free expression in which each well contains two chambers,
one with the spotted DNA coding for the desired protein and the other
containing the area towhich the resulting protein diffuses. The two cham-
bers are separated by the neck valve that allows passage of the proteins into the protein chamber, where they will be sub-
jected to a force assay. The target protein variants are engineered to include specific N- and C-terminal extensions: the N-ter-
minal ybbR tag for linking to the chip surface and the C-terminal Doc tag needed for recognition and binding by the cohesin
carrying cantilever. The authors validate their approach by applying it to tetrameric human type-III fibronectin, dimeric chicken
brain a-spectrin, endo-1,4-xylanase T6, green fluorescent protein, and twitchin kinase. Overall, the platform will enable high-
throughput measurements of protein mechanical properties and provide insight into their molecular origins.
Otten et al. (2014). Nat. Methods. Published online September 7, 2014. http://dx.doi.org/10.1038/nmeth.3099.PceA is a reductive dehalogenases (RDase) that
removes a chloride from the trichloroethene (TCE)
substrate in the reaction that requires two electrons
and a proton (top). Structural analysis reveals the
location of two [4Fe–4S] clusters and norpseudo-B12
cofactor (left) as well as the orientation of TCE with
respect to them (right). Image courtesy of Martin
Bommer.
ChemBreathing Organohalides
Oxygen is critical for sustaining life on Earth—that is if you are, like hu-
mans, an aerobic organism that uses oxygen as the terminal electron
acceptor in respiration. However, we share our planet with a collection
of microbes that live under anaerobic conditions and have evolved to
use alternative chemical species as terminal electron acceptors, such
as organohalides. In the case of organohalides, the critical reduction
step is catalyzed by reductive dehalogenases (RDases). These enzymes
use two iron-sulfur clusters and a corrionoid cofactor and exert their ac-
tivity on an array of environmental organohalide pollutants, including tri-
chloroethene (TCE). Unfortunately, RDases are highly sensitive to oxy-
gen, which makes their biochemical and structural characterization
challenging.
Bommer, Kunze, and colleagues overcome these challenges and
report structural characterization of RDase from Sulfurospirillum multi-
vorans, PceA, in several different states: free and bound to the substrate,
TCE, and the product, cis-dibromoethene (DBE), and iodide as a
surrogate for the leaving chloride. Overall, PceA is a dimer, with each
protomer folded into four distinct regions that include an N-terminalistry & Biology 21, October 23, 2014 ª2014 Elsevier Ltd All rights reserved 1255
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Selectunit, a norpseudo-B12 binding core, an insertion unit, and a C-terminal unit. In addition to norpseudo-B12 cofactor, two [4Fe-
4S] clusters are clearly visible in the structures. The two [4Fe-4S] clusters are positioned 6 A˚ away from the enzyme surface,
while norpseudo-B12 is buried. The authors describe two selection filters that act to regulate substrate specificity. One
selection filter is found between the N-terminal and insertion units and leads into a long hydrophobic channel towards the
active site. The authors refer to this selection filter as a ‘‘letter box’’ given its shape. The second selection filter is formed
by the tightly packed side chains in the substrate binding pocket. Additionally, the authors discuss the putative electron
and proton transfer pathways in PceA, although exact mechanistic details remain to be revealed in future studies.
Bommer et al. (2014). Science. Published online October 2, 2014. http://dx.doi.org/10.1126/science.1258118.A Mark of Distinction
Given that DNA methylation is essential for normal development, it is no surprise that the most common product of DNA
methylation, 5-methylcytosine (mC), is found in 60%–90% of CpG in mammals. The process by which this mark is installed
in DNA is well understood and requires activity of SAM-dependent enzymes, DNA methyltransferases. However, the
mechanism of demethylation has been more controversial. Recently, another DNA modification was described: 5-hydroxy-
methylcytosine (hmC). This modification is the result of mC oxidation by iron and 2-oxoglutarate-dependent dioxygenases,
TET enzymes, and it is believed to be an intermediate form of mC en route to demethylated cytosine (C).
New evidence presented by Bachman et al. casts a different light on this view. The authors examine global hmC and mC
levels in genomic DNA using bothmammalian cells and live animals and observe that contrary towhat’s expected if hmCwere
just a transient intermediate, the overall levels of hmC are predominanty stable between generations. They also observe that
unlike mCmark that’s established concurrently with DNA replication, hmCmodification occurs with a delay and gradually. By
measuring the levels of hmC in different tissues, the authors note that nonproliferating cell types have higher levels of hmC
than proliferating ones. The authors propose that hmC is an epigenetic mark in its own right and distinct frommC. This opens
up an entirely new set of questions related to function and regulation of hmC, as well as more broadly about the role of differ-
ently modified DNA.
Bachman et al. (2014). Nat. Chem. Published online September 21, 2014. http://dx.doi.org/10.1038/nchem.2064.Axl
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(Left) Inhibiting receptor tyrosine kinase (RTK) Axl
signaling using a decoy strategy is based on
engineering Axl variants that bind and sequester the
Axl ligand, Gas6. (Right) The affinity achieved by the
top decoy developed as an Fc fusion, MYD1, is in fM
range. Image courtesy of Jennifer R Cochran.
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Receptor tyrosine kinase (RTK) Axl is known to be associated with the
epithelial-to-mesenchymal transition and is associated with cell prolifer-
ation, cancers, and metastasis, as well as RTK inhibitor resistance. Axl
is activated upon binding to its ligand, growth-arrest-specific 6 (Gas6)
protein, although some ligand-independent functions have also been
described. Interestingly, Gas6 binds Axl with high pM affinity, causing
currently available Axl antagonists to be ineffective tools for disrupting
Axl/Gas6 interaction.
Kariolis et al. approach the problem of inhibiting Axl/Gas6 signaling
from a different perspective. They focus on developing variants of Axl
that would function as decoys to bind and sequester Gas6. The resulting
receptor decoy MYD1 (as an Fc fusion) was found to bind Gas6 with
420 fM affinity. The authors solve a crystal structure of MYD1 bound to
Gas6 in order tobetter understand themolecular basis for the tight binding
and show how four mutations present in MYD1 contribute to the binding.
They observe that MYD1 undergoes numerous rearrangements to better
accommodate Gas6. On top of that, fusing MYD1 to full-length Fc further
increased the affinity.WhenMYD1 Fcwas used in the cellular context, theauthors observed inhibition of Axl activation, and when used in mouse models of cancers, including ovarian and metastatic
breast cancer, MYD1 Fc led to reduction of metastasis and tumor progression. The authors show that this is directly linked
to the ability of MYD1 Fc to bind and neutralize Gas6. In addition to the potential therapeutic value of MYD1 and MYD1 Fc,
these decoy receptors can also be used as tools to untangle ligand dependent from ligand independent functions of Axl.
Kariolis et al. (2014). Nat. Chem. Biol. Published online September 21, 2014. http://dx.doi.org/10.1038/nchembio.1636.
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